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8OWUDILOWUDWLRQKROORZILEHUPHPEUDQHELRUHDFWRUPEUWUHDWLQJRLOUHILQHU\ZDVWHZDWHU
&*9HURQHVH//%HDO90-6DQWLDJR$37RUUHV$&&HUTXHLUD
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
7KHPHPEUDQHELRUHDFWRU LVEHFRPLQJD UHOLDEOH WHFKQRORJ\ IRUELRORJLFDOZDVWHZDWHU
WUHDWPHQW DQG KDV D KLJK SRWHQWLDO IRU RLO UHILQHU\ ZDVWHZDWHU WUHDWPHQW SHWUROHXP DQG RLO
SROOXWLRQ UHPRYDO +RZHYHU WKHUH DUH OLPLWHG LQYHVWLJDWLRQV RQ WKH WUHDWPHQW DQG UHXVH RI
SHWURFKHPLFDOZDVWHZDWHUXVLQJ0%5WHFKQRORJ\4LQHWDO5HFHQWH[SHULPHQWDOUHVXOWV
VKRZHG WKDWDVXEPHUJHGXOWUDILOWUDWLRQSURFHVVXVLQJPRGLILHG39')PHPEUDQHVKDVDJUHDW
SRWHQWLDOIRURLOUHILQHU\ZDVWHZDWHUWUHDWPHQW<XOLZDWLHWDO
,Q VXEPHUJHG0%5V WKHPHPEUDQH VHSDUDWLRQ SOD\V D VLJQLILFDQW UROH LQPDLQWDLQLQJ
KLJKDQGVWDEOH&2'UHPRYDO,WVHUYHVDVDQDGGLWLRQSXULILFDWLRQSKDVHWRUHWDLQWKHUHPDLQLQJ
SDUWLFXODWH &2' DQG ELRPDVV LPSURYLQJ ZDVWHZDWHU TXDOLW\ 7KH ELRORJLFDO UHPRYDO RI &2'
RFFXUV WKURXJK WKUHHSURFHVVHV&2'XWLOL]DWLRQ IRU ELRORJLFDO GHQLWULILFDWLRQ&2' UHPRYDOE\
DHURELFR[LGDWLRQDQGFDUERQFRQYHUWHGWRELRPDVV6XQHWDO'KDPROHHWDO
7KHRFFXUUHQFHRIDSKHQRPHQRQNQRZQDVIRXOLQJLVH[WUHPHO\FRPPRQLQPHPEUDQH
ILOWUDWLRQ V\VWHPV 7KLV SKHQRPHQRQ LV FKDUDFWHUL]HG E\ WKH DGKHVLRQ RI FRPSRXQGV WR WKH
PHPEUDQH VXUIDFH FDXVLQJ WKH LQFUHDVH RI WKH IORZ UHVLVWDQFH 7KHUHIRUH WKH K\GUDXOLF
SHUIRUPDQFHRIWKHPHPEUDQHILOWUDWLRQLVYHU\LPSRUWDQWWRPDNH0%5VYLDEOHDQGHFRQRPLFDOO\
DWWUDFWLYH
7KLVSDSHUHYDOXDWHV WKH&2'UHPRYDODQGQLWURJHQXVHHIILFLHQF\ WKURXJK WKHXVHRI
ELRORJLFDO SURFHVVFRPELQHGZLWK VXEPHUJHGXOWUDILOWUDWLRQPHPEUDQHV 60%5RSHUDWLQJZLWK
DQR[LFDQGDHURELFSKDVHIRUWKHWUHDWPHQWRIRLOUHILQHU\ZDVWHZDWHUDVZHOODVHYDOXDWHVWKH
SHUIRUPDQFHRIWKHPHPEUDQHVWKURXJKDSHULRGRIDSSUR[LPDWHO\QLQHPRQWKVRIRSHUDWLRQ


0(7+2'2/2*<

7KHH[SHULPHQWVZHUHSHUIRUPHGWKURXJKDSHULRGRIWLPHRIDSSUR[LPDWHO\VL[PRQWKV
LQ DQ H[SHULPHQWDO XQLW )LJXUH  FRPSULVLQJRQHDQR[LF UHDFWRUZLWKD YROXPHRI / RQH
DHURELFUHDFWRUZLWKDYROXPHRI/DQGRQHPHPEUDQHWDQNZLWKDQDSSUR[LPDWHYROXPHRI
/7KHRLOUHILQHU\ZDVWHZDWHUIORZUDWHVUDQJHGIURPWR/KRQWKHWZRILUVWPRQWKVDQG
IURP DSSUR[LPDWHO\  WR  /K RQ WKH ODVW IRXU PRQWKV 7KH IORZ UDWHV ZHUH FKDQJHG
DFFRUGLQJWKHSXUSRVHRIWKHVWXG\7KHWZRXOWUDILOWUDWLRQPHPEUDQHPRGXOHVXVHGLQSDUDOOHO
=HH:HHG=:)LJXUH&ZHUHPDGHRI39')SRO\YHQ\OGLIOXRULGHZLWKSRUHGLDPHWHURI
P$LPLQJWRSURGXFHWXUEXOHQFHRQWKHPHPEUDQHWDQN WRGHFUHDVHUHYHUVLEOH IRXOLQJ
DQDLUVWRQHXVLQJFRPSUHVVHGDLUZDVLQWURGXFHGLQWRWKHERWWRPRIWKHWDQN)RFXVLQJRQWKH
UHGXFWLRQRI WKHGHSRVLWLRQRIFRPSRXQGVRQPHPEUDQHVXUIDFHEDFNZDVKHVZHUHSHUIRUPHG
IRUVHFRQGVHDFKPLQXWHV
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
705 C.G. Veronese et al. /  Procedia Engineering  44 ( 2012 )  704 – 706 
7KHH[SHULPHQWDOXQLW LVFRQWUROOHGE\VXSHUYLVRU\VRIWZDUH7KLVVRIWZDUHHQDEOHV WKH
DFTXLVLWLRQRI WKH IROORZLQJGDWDSHUPHDWH IORZ UDWHSUHVVXUH LQ WKHPHPEUDQHPRGXOHV'2
FRQFHQWUDWLRQS+WHPSHUDWXUHDQGHOHFWULFDOFRQGXFWLYLW\RQHDFKUHDFWRUHYHU\VHFRQGV


)LJXUH±([SHULPHQWDOXQLW $6RIWZDUHPDLQVFUHHQ%DQGXOWUDILOWUDWLRQPHPEUDQH
PRGXOHV&

3DUDPHWHUV VXFK DV FKHPLFDO R[\JHQ GHPDQG &2' WKURXJK FORVHG UHIOX[ PHWKRG
YRODWLOHVXVSHQGHGVROLGV966DQGWRWDOVXVSHQGHGVROLGV766ZHUHGHWHUPLQHGDFFRUGLQJWR
$3+$  )ORFV VL]H ZDV ZHHNO\ REWDLQHG XVLQJ D SDUWLFOH VL]H GLVWULEXWLRQ DQDO\]HU
+25,%$/$9PRGHO
'XULQJWKHXQLWRSHUDWLRQWKHS+YDOXHZDVPDLQWDLQHGDWRQWKHDQR[LFUHDFWRUDQG
DWRQWKHDHURELFUHDFWRU7KLVFRQWUROZDVDFFRPSOLVKHGWKURXJKWKHDXWRPDWLFGRVDJHRI
1VXOIXULFDFLG+62DQG1VRGLXPK\GUR[LGH1D2+7KHDHURELFUHDFWRUDLUIORZ
UDWHZDV DXWRPDWLFDOO\ FRQWUROOHG WR DOORZ D PJ/'2FRQFHQWUDWLRQ LQVLGH WKH UHDFWRU 7KH
PHPEUDQHPRGXOHSUHVVXUHFRQWUROZDVDOVRFDUULHGRXWDVVXPLQJDPD[LPXPVXFWLRQSUHVVXUH
RIP%DU
7KHZDVWHZDWHUFKDUDFWHUL]DWLRQZDVZHHNO\KHOG7KHVXSHUQDWDQWRIWKHUHDFWRUVDQG
WKH SHUPHDWH SDUDPHWHUV ZHUH GHWHUPLQHG WZLFH D ZHHN 7KH PHPEUDQH PRGXOH IORZ
UHVLVWDQFHZDVHYDOXDWHGRYHUDSHULRGRIDSSUR[LPDWHO\QLQHPRQWKV7KLVPHPEUDQHK\GUDXOLF
UHVLVWDQFHZDVREWDLQHGWKURXJKILYHWHVWVIRUPHPEUDQHPRGXOHVFKDUDFWHUL]DWLRQZKLFKZHUH
SHUIRUPHG DIWHU FKHPLFDO FOHDQLQJ XVLQJ VRGLXP K\SRFKORULWH UDQJLQJ IURP  WR PJ/
7KLV WHVWVZHUHEDVHGRQ WKH SHUPHDWH IOX[GHWHUPLQDWLRQ WRSUHVVXUHV IURP WR P%DU
DSSOLHG

5(68/76

 7KH FRUUHODWLRQV PDGH EHWZHHQ IORF VL]H YROXPHWULF RUJDQLF ORDGLQJ UDWH VXEVWUDWH
XWLOL]DWLRQ UDWH IRRG WR PLFURRUJDQLVP UDWLR YROXPHWULF QLWURJHQ ORDGLQJ UDWH QLWURJHQ WR
PLFURRUJDQLVP UDWLR IRU WKH ILUVW WZRPRQWKV RI RSHUDWLRQ LQGLFDWH WKDW WKHUH LV D UHDOO\ VWURQJ
FRUUHODWLRQEHWZHHQIORFVL]HDQGDOOWKHVHIDFWRUV)LJXUH$SUHVHQWV&2'DQGWRWDOQLWURJHQ
IRUERWKRLOUHILQHU\ZDVWHZDWHUDQGSHUPHDWHDQG)LJXUH%SUHVHQWVPHDQYDOXHVRIIORFVL]H
GLVWULEXWLRQREWDLQHG
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
,WZDVREVHUYHGWKDWIRUWKHW\SLFDO&2'YDOXHVRIWKHRLOUHILQHU\ZDVWHZDWHUZLWKRLODQG
JUHDVHVHJUHJDWLRQ WKH&2'YDOXHRI WKHSHUPHDWH UDQJHG IURP WRPJ/PRVWRI WKH
WLPH 7KLV LV SUREDEO\ GXH WR WKH SUHVHQFH RI UHFDOFLWUDQW FRPSRQHQWV WKDW DUH QRW SURSHUO\
GLVSRVHG ZLWK ELRORJLFDO WUHDWPHQW $OVR LW ZDV YHULILHG D GHFUHDVH LQ WKH SHUPHDWH
FRQFHQWUDWLRQ RI WRWDO QLWURJHQ ZKHQ WKH QLWURJHQ WR PLFURRUJDQLVP UDWLR RI WKH V\VWHP ZDV
SXUSRVHO\UHGXFHG
)LJXUH  SUHVHQWV WKH SHUPHDWH IORZ UDWH DW &PXOWLSOLHG E\ WKH DEVROXWH YLVFRVLW\
YHUVXV WKH SUHVVXUH DSSOLHG WR WKH PHPEUDQH PRGXOHV 7KH K\GURG\QDPLF UHVLVWDQFH LV
UHSUHVHQWHGE\WKHOLQHDUDGMXVWPHQWFRHIILFLHQWREWDLQHGIRUHDFKWHVW
 ,WZDVIRXQGWKDWWKHK\GURG\QDPLFUHVLVWDQFHLQFUHDVHGPRUHWKDQWHQWLPHVDIWHUWKH
ILUVW FKDUDFWHUL]DWLRQ WHVW IRU ERWK RI WKH PRGXOHV 7KLV LQFUHDVH LV SUREDEO\ GXH WR WKH
RFFXUUHQFH RI LUUHYHUVLEOH IRXOLQJ VLQFH WKH WHVWV ZHUH SHUIRUPHG DIWHU FKHPLFDO FOHDQLQJ $Q
LQFUHDVHRQVRGLXPK\SRFKORULWHFRQFHQWUDWLRQRQWKHODVWFKDUDFWHUL]DWLRQWHVWZKLFKZHQWIURP
WRPJ/FDXVHGDGHFUHDVHRIK\GURG\QDPLFUHVLVWDQFH


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